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Specification 

1. Title of the Invention 
ORGANIC THIN FILM EL ELEMENT 

2. Scope of Claims 

(1) An organic thin film EL element comprising: 

a laminated film in which at least one electric charge implanting layer 
and at least one light emitting layer made of an organic fluorescent substance 
are formed between a pair of electrodes at least one of which is transparent, 
characterized in that a mixed layer including an organic electric charge 
transferring complex and an electric charge implanting material, or an organic 
electric charge transferring complex and an organic fluorescent substance is 
inserted between at least one laminated film and an electrode. 

(2) An organic thin film EL element comprising: 

a laminated film in which at least one electric charge implanting layer 
and at least one light emitting layer made of an organic fluorescent substance 



are formed between a pair of electrodes at least one of which is transparent, 
characterized in that a mixed layer including an electrode material and an 
electric charge implanting material, or an electrode material and an organic 
fluorescent substance is inserted between at least one laminated film and an 
electrode. 

3. Detailed Description of the Invention 
[Industrial Field of the Invention] 

The present invention relates to an organic thin film light emitting 
element used for a plane light source or a display. 
[Prior Art] 

An EL (electroluminescence) element of which material is an organic 
substance receives much attention since it can realize a large area film shape 
full color display element at low cost due to an abundance of materials and a 
synthetic technology in molecular level. For example, a DC driven organic 
thin film light emitting element is manufactured to be a thin film by an LB 
method, a vacuum evaporation method or the like using condensation 
polycyclic aromatic series such as anthracene or perylene as a material and 
light emitting characteristics thereof are studied. 

Furthermore, a new type of organic thin film light emitting element 
which has a two-layer structure of organic thin films has recently been 
reported and receives much attention (on page 913 of Applied Physics Letters 
vol. 51 in 1987). According to the report, as shown in Fig. 4, it is disclosed 
that a light emitting layer 44 made of a metal chelate compound which emits 
strong fluorescence and a hole implanting layer 43 of a hole conductive 
organic substance which uses an amine-based material are inserted between a 
transparent electrode 42 formed over a glass substrate 41 and a metal 
electrode 45, so that bright green light emission can be obtained, and a 
luminance of approximately 100 cd/m 2 is obtained by DC application of 6 to 
7V. 

This organic thin film EL element can be manufactured by a simple 
vacuum evaporation method and a low temperature film formation process of 
100°C or less, and has the possibility of providing red to blue light emitting 
elements at a low cost. 
[Problems to be Solved by the Invention] 

However, light emitting characteristics relative to an application voltage 
of an organic thin film EL element having the structure shown in Fig. 4 tend 



to shift to a high voltage side with a voltage application time, and this 
phenomenon is observed even if an organic material is substituted, which is 
considered to be caused by the structure of the element itself. Such a 
phenomenon that the light emitting characteristics are varied as the element is 
driven causes the following problems. That is, a rise of a light emitting 
threshold voltage makes it difficult to perform the constant voltage driving 
which is an easy driving method, furthermore causes deterioration of the light 
emitting efficiency. Besides, a rise of a driving voltage to compensate the 
luminance deterioration causes acceleration of the element deterioration due 
to the element light emitting efficiency, dielectric breakdown and heat release. 

It is an object of the present invention to solve the aforementioned 
problems and provide a practical organic thin film EL element which enables 
light emission with full color and high luminance at a constant voltage and 
has a long lifetime with less element deterioration. 
[Means for Solving the Problems] 

A means provided by the present invention to solve the above problems 
is an organic thin film EL element comprising a laminated film in which at 
least one electric charge implanting layer and at least one light emitting layer 
made of an organic fluorescent substance are formed between a pair of 
electrodes at least one of which is transparent, characterized in that a mixed 
layer including an organic electric charge transferring complex and an electric 
charge implanting material, or an organic electric charge transferring complex 
and an organic fluorescent substance is inserted between at least one 
laminated film and an electrode. 

Another means provided by the present invention is an organic thin film 
EL element comprising a laminated film in which at least one electric charge 
implanting layer and at least one light emitting layer made of an organic 
fluorescent substance are formed between a pair of electrodes at least one of 
which is transparent, characterized in that a mixed layer including an 
electrode material and an electric charge implanting material, or an electrode 
material and an organic fluorescent substance is inserted between at least one 
laminated film and an electrode. 
[Action] 

A phenomenon that light emitting characteristics relative to an 
application voltage of an organic thin film EL element shift to a high voltage 
side with a voltage application time is independent of an organic material 



which is used for the organic thin film EL element, and is caused by the 
structure of the element itself. 

That is, the light emitting characteristics shift to the high voltage side 
since the energy barrier on an electrode interface increases with the voltage 
application time. This point has been carefully studied, and it is proved that 
a deep trap level is generated on the electrode interface by implanting strong 
electric field electric charges and thus the same polarity electric charge layer, 
namely a homo electric charge layer is formed on the electrode interface. 
The newly formed homo electric charge layer increases the energy barrier on 
the interface. Homo electric charges are stored with the element driving, as 
a result, a driving voltage rises with the voltage application time. 

The relation between the homo electric charge layer and the rise of the 
energy barrier is in proportion to the power of the quantity of electric charges 
which are stored on the interface and the width of the electric charge layer. 
It is possible to restrain the rise of the width of the energy barrier by inserting 
a layer having a relatively low resistance between an electrode and an organic 
thin film, by dispersing the homo electric charge layer which is condensed on 
the electrode interface, and by increasing the width of the electric charge layer. 
In the present invention, as a method of relaxation and neutralization of the 
homo electric charge layer, a mixed layer in which an organic electric charge 
transferring complex or an electrode material is added to an organic thin film 
layer in contact with an electrode is inserted. 

Besides, adhesive properties with the electrode is improved by inserting 
the mixed layer onto the interface with the electrode, as a result, the element 
deterioration due to the electrode peeling can be reduced significantly. 
[Embodiment] 

Hereinafter, an embodiment of the present invention is described in 

detail. 

Embodiment 1 

As shown in Fig. 1, after a transparent electrode 2 made of ITO or the 
like is formed on a glass substrate 1, a hole implanting layer 3 made of N, N, 
N', N'-tetraphenyl-4, 4'-diaminobiphenyl (hereinafter referred to as diamine) 
is formed to have a thickness of 600 A, and a light emitting layer 4 is formed 
to have a thickness of 500 A by using tris(8-hydroxyquinoline)aluminum 
(hereinafter referred to as alumiquinoline) as an organic fluorescent substance. 
After that, a mixed layer 5 containing an organic electric charge transferring 



complex made of TTF (tetrathiofulvalene) and TCNQ 
(tetracyanoquinodimethane) and alumiquinoline is formed to have a thickness 
of 300 A having a distribution which is varied continuously as shown in Fig. 2. 
Finally, a metal electrode 6 made of an alloy in which Mg and In are mixed in 
a ratio of 10 : 1 is formed to have a thickness of 1500 A by electron beam 
evaporation, so that an organic thin film light emitting element is completed. 

When the light emitting characteristics of this element are measured in 
an atmosphere of dry nitrogen, green light emission of 300 cd/m 2 is obtained 
by applying a direct voltage of approximately 5 V. When an aging test is 
performed on this organic thin film light emitting element under the condition 
of a current density of 0.5 mA/cm 2 , time when the luminance is reduced to 
half is 1000 hours or more. In the case of a conventional element, it is 100 
to 500 hours; therefore, the reliability of this element is improved 
substantially. In addition, a shift of the electric characteristics is about 5 V, 
which is reduced significantly compared with the conventional one, 

Tirs(8-hydroxyquinoline)aluminum organic fluorescent substance is 
used in the present embodiment, however, the same effect can be obtained 
when an organic substance which emits strong fluorescence in a visible field 
is used as a material for the light emitting layer 4 such as anthracene 
derivative, pyrene derivative, tetracene derivative, stilbene derivative, 
perylene derivative, quinone derivative, phenanthrene derivative, naphthane 
derivative, naphthalimido derivative, phthaloperinone derivative, 
cyclopentadiene derivative or cyanine derivative. Furthermore, a light 
emitting wavelength can be varied by further doping these organic fluorescent 
substance with other strong fluorescent organic molecular such as rhodamine, 
cyanine, pyran, coumarin, fluorene, POPOP or PBBO of approximately 10" 5 
to 10" 2 mol. In addition to ITO, a conductive material having a work 
function of 4.5 eV or more such as ZnO:Al, Sn0 2 :Sb, ln 2 0 3 , Au, Cul* or Pt 
can be used for the transparent electrode 2. 

Furthermore, the metal electrode 6 can be formed of another material 
besides Mgln, if the work function is lower than that of the transparent 
electrode 2. 
Embodiment 2 

An organic thin film EL element where a perylene derivative which 
emits strong fluorescence from 610 nm to 630 nm is used for the light 
emitting layer 4 and a triphenylmethane derivative is used for the hole 
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implanting layer 3 is formed using the same structure as that of Fig. 1. The 
mixed layer 5 is varied continuously in the direction of an electrode from 
perylene derivative 100% to Mg 100%. Finally, the metal electrode 6 made 
of an alloy in which Mg and In are mixed in a ratio 10 : 1 is formed to have a 
thickness of 1500 A by the electron beam evaporation, so that an organic thin 
film light emitting element is completed. 

The organic thin film EL element formed in this way is excellent in 
adhesive properties between the metal electrode and the organic light emitting 
layer, and peeling of the electrode is not observed even when the element is 
driven for a long time. 
Embodiment 3 

A naphthalimido derivative which emits strong fluorescence from 530 
nm to 550 nm is used for a light emitting layer 34 and alumiquinoline is used 
for an electron implanting layer 35 as shown in Fig. 3. Mixed layers 33 and 
36 are formed by continuously varying a naphthalimido derivative and Cul x , 
and alumiquinoline and TTF'TCNQ complex respectively. Finally, a back 
metal electrode 37 made of an alloy in which Mg and In are mixed in a ratio 
10 : 1 is formed to have a thickness of 1500 A by the electron beam 
evaporation, so that an organic thin film light emitting element is completed. 

As a material for the electron implanting layer 35, it is possible to use 
anthracene, tetracene and the like. Furthermore, the same effect can be 
obtained using an element having a four-layer structure where a hole 
implanting layer such as diamine is inserted onto an ITO interface that is a 
hole implanting electrode, or a five-layer structure where a mixed layer 
containing diamine doped with Cul„ for instance is inserted between the ITO 
interface and the hole implanting layer. 

In addition, the mixed layer of which composition is varied 
continuously is used in all the embodiments, however, it is possible to use the 
mixed layer of which composition is varied discontinuously or is uniform. 
Moreover, a material contained in the mixed layer is not limited to a 
component of an adjacent electrode or organic layer, and may be any material 
as long as it satisfies the required characteristics. 

[Effects of the invention] 

As stated above, the present invention allows to provide an excellent 
element having less drift of light emitting characteristics relative to a driving 
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time compared with the conventional organic thin film EL element. 
Furthermore, the element deterioration due to peeling of an electrode is 
reduced and the organic thin film EL element with a long lifetime can be 
provided. 

4. Brief Description of the Drawings 

Fig. 1 shows the cross section of one embodiment of the present invention; 
Fig. 2 shows a component distribution of a mixed layer in an embodiment of 
Fig. 1; Fig. 3 shows the cross section of another embodiment of the present 
invention; and Fig. 4 shows the cross section of an organic thin film EL 
element by the conventional technology. 

1, 31, 41 ... glass substrate 

2, 32, 42 ... transparent electrode 

3, 43 ... hole implanting layer 

4, 34, 44 ... light emitting layer 

5, 33, 36 ... mixed layer 

6, 37, 45 ... metal electrode 

35 ... electron implanting layer 

Applicant: NEC Corporation 

Representative: Patent attorney: Chieko TATENO 
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